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CULTURED INNER CELL MASS CET.r ttxtt.* 
DERIVED FROM UNGoSS SrySs^ 

M , £i ^-afJthg_Inv t nU^n 
Novel cultured inner cell mass (ciCM, cells , , 
lines, and methods for their preparation * 

are produced by novel n,^,,.- Periods. These ciCMs 

««>. subjec t cicm K11 a : tin9 sene 

differentiated cells ti.„, t0 produce 

» prefer, ungul : ; ;:;; t r h g : ns a„ imal s. 

h ete ro i 090US DBA or whlch z:t: h ::i~; d ? red 

genetically desirable traits Thi* • ntaln 
in vitro culture technic or bv nrod a ° COn,plished * 
- nuclear transfer embryos" <j£ Zt'luT^ ~ 
over, the CICM cells can also be used for C T 
transfer procedures, to produce geneticaUv T^ 
«*»»». fetuses and/or offspring ^ 

„.,.. . . gssjBBaa.d of th> twiiag 
Methods for deriving embryonic slem^Ts, ,. 

m vrtro from early oreim n i a „- >• e11 llnes 
*no„n. (Se e. e.J S^^'"" 0 "" - -11 

provided that a feeder layer of fibr M """^ 
« al.. aj or a different! 

ES cells have been previously reported tr. 
—n. especially JT^V^^T--- 
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involved an the reflation of early development. Mouse ES 
cells can give rise to germline chimeras when introduced 
into ^reimplantation mouse embryos, thus demonstrating their 
Plurxpotency (Bradley et al., Nafeure, 309:255-256 (1984), 

in view of their ability to transfer their genome to' 
the next generation, ES cells have potential utility for 
germline manipulation of livestock animals by using ES cells 
with or wxthout a desired genetic modification. Moreover 
in the case of livestock animals, e.g., ungulates, nuclei' 
from like preimplantation livestock embryos support the 
development of enucleated oocytes to term (Smith et al 
Biol. Rep rod., 40:1027-1035 (1989); and Keefer et al Biol 

Reprod., 50:935-939 (1994)) Thi* < «, 

K±y^in. This is in contrast to nuclei 

from mouse embryos which beyond the eight-cell stage after 
transfer reportedly do not support the development of 
enucleated oocytes (Cheong et al, Biol. Repr^ 48-958 
(1993)) . Therefore, ES cells from livestock animals are •' 
highly desirable because they may provide a potential source 
of totipotent donor nuclei, genetically manipulated or 
otherwise, for nuclear transfer procedures. 

Many research groups have reported the isolation of 
purportedly pluripotent embryonic cell lines. For example 
Notarianni et al., j. Re r orod P. rf gu^, 43:255 . 260 ' 
(1991), report the establishment of purportedly stable 
Pluripotent cell lines from pig and sheep blastocysts which 
exhibit some morphological and growth characteristics simi- 
lar to that of cells in primary cultures of inner cell 
masses isolated immunosurgically from sheeo blastocysts 
(KLJ Also, Notarianni et al., J. Reprod w 
41:51-56 (1990) discloses maintenance and differentiation in 
culture of putative pluripotential embryonic cell lines from 
Pig blastocysts. Further, Gerfen et al., Anim. Bggtech 
6(1). -1-14 (i 9 95) disclose the isolation of embryonic cell 
lines from porcine blastocysts. These cells are stably 
maintained in mouse embryonic fibroblast feeder layers 
without the use of conditioned medium. These cells report- 
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edly differentiate into several differs ~ 

culture (Gerfen et al., idj ^ fferent cel1 ^ypes during 

■ cen u nes r: ed ~ c r ceii - iike 

were lost after the fourth passage S 7u f " 

masses of sheep embryos under T elated inner cell 

0 nation of JL. ^l^l^^Z TrT ^ «" 
Handyside et al. (i 98 7) (id i aeriVed from m °use iCMs. 

b«h E s cell-lixe and ^ ^ «~« <* 

Ponged culture only endode „. Uke J£ - 

cell-derived cell iLIT Primordial garm 

These calls after 21 T"*"^ * -Uure. 

=^5, arter approximately seven r?*,ro • 
produce ES - like colonies * » culture. 

Phosphatase . exhibit Z^TuJTT' ■ UrtlM 

bodies, and spontaneously diLtantiat 

different call types. Thas cal T " tW> 

""RNA for the transcrint*! ! ° rep °"«ily 

transcription factors OCT4 opt* =^ 
Pattern of noneobox 9 anes „nic„ is £LT™ ^ * 
by ES cells exclusively expressed 

follows nudear °' '* 

cells from day nine „i„. Z cultu «<> embryonic disc (ED) 

which Promote tne isolLon rr 
The authors c^u^S,*^ *» 
from day nine ovine embryos L tot E ° CeUs 

fer and that totipotents t0tlp °" nt * -clear trans- 
three passages. maintained in culture for up to 
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Even more recently, Campbell et al, Nature , 380:64-68 
(1996) reported cloning of sheep by nucleic transfer from a 
cultured cell line. The cells used are unlike the CICM's of 
the present invention. Unlike the subject CICM cells, the 
cells of Campbell et al formed a monolayer in tissue cul- 
ture. The authors refer to these cells as being "flattened" 
or as exhibiting an "epithelial- appearance. By contrast, 
the CICM cells of the present invention can be continually 
maintained in a multilayer colony or portions of the colony 
when grown in an undifferentiated state. Also, the cells of 
Campbell et al are cytokeratin and are laminin A/C positive. 
By contrast, the CICM cells of the present invention are 
cytokeratin negative. 

Moreover, there is no suggestion that the cells of 
Campbell et al are undifferentiated. Rather, the reference 
only indicates that these cells are useful in nucleic trans- 
fer procedures. Also, these cells are not cultured under 
conditions wherein they maintain constant contact with a 
fibroblast feeder layer. Rather, the cultured cells (of 
Campbell et al (1996) apparently push the fibroblasts to the 
side in culture and grow on top of the culture dish. 

Van Stekelenburg-Hamers et al., Mol . Reprod. Dev. 
40:444-454 (1995), reported the isolation and characteriza- 
tion of purportedly permanent cell lines from inner cell 
mass cells of bovine blastocysts. The authors isolated and 
cultured ICMs from 8 or 9 day bovine blastocysts under 
different conditions to determine which feeder cells and 
culture media are most efficient in supporting the attach- 
ment and outgrowth of bovine ICM cells. They concluded 
based on their results that the attachment and outgrowth of 
cultured ICM cells is enhanced by the use of STO (mouse 
fibroblast) feeder cells (instead of bovine uterus epitheli- 
al cells) and by the use of charcoal -stripped serum (rather 
than normal serum) to supplement the culture medium. Van 
Stekelenburg et al report, however, that their cell lines 
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resembled epith.Ua! ceUs more than pluripotent ZCM calls. 
0ctoba? 2 " Smith " "° Pushed 

" L 1994 et al ' "° 94/26889 pubiish ^ **-bL 

' ly Pluripotent atonic stem calls te ^T rc 

bovine species which assartadly are IZ, , / P ' 
«on or t r ans 3 anic -i-O-.'^r^^^- 
WO 94/26884, published November 24 i 994 d 7 ? ' 
stem cells which are assertedly „ e f u or t h e m ? r^"^ 
of chimeric and t rans g a„ic plates. Z^ToTT 
fore S o lng , it is evident that many groups have att.Z,T 
produce ES call lines, e.g because „ 1 "tempted to 
an ' because of their potential 

applrcatron in the production of cloned or transgenic 
ambryos and in nuclear transplantation. 

The use of ungulate ICM cells fnr i 

2;:: "rrr,"""™ — »»~..™ r 

■ L " ns - Also, Keefer et a" 1 Ri^i d 
(1994) , . Bipl, Renrod_, 50:935-939 

U994), disclose the use of bovine ICM o.n 

in nuclear transfer nrn, S 93 donor nuclei 

— . upon tT^^tr^r^ i 

Mat;. Acad Scj , IJgA, 90:6143-6147 (i 993 » - e , 

Production of calves by transfer of ^ ^ 

in vitro cultured bovine ICM cells into , Sh ° rt " te - 

oocytes. ° enucl eated mature 
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Also, the production of li w i^k. * n 
three passages, has Been reported .CampbeU et 

asnalaax, 43,1.1 , 1995)) . still furch * 1 « a1 -- 

5 pluripotent embryonic ceils in nncl«r tran f ^ 
production of chimeric fetuses 2 ,7 k ™ d Che 

•* as£i2a£E2l23 ,, — -ported (Stice 

However, notwithstanding what * 
reported in the literature. Let T^Z^T^ 
> need for cultured ICM ceils and ceU lines \ ! S19nifi <=<">< 
improved properties . o „ V " hlCh P 05 ^ 35 

„,.„„ ° pertles ' e -9-. which possess morphological 

Propert.es and express cell *a rke rs identically or subs, 
dally similar to ICM' cells of *„„ , ■ substan- 
-ular ungulate - 

cant heed in the art for methods of proIucLT " 
cultur.d ICM cells and cell l ine s Pr ° dUCln9 SUCh d 

Objects of the Invention 
It is therefore an obieet of t-h*> • 

-de ^ ~ r^sr - « h u:~ T pra - 

which exhibit ^orphoiogtcal characteristics »d 

cell lines which exhibit morphological characteristics * 
express cell mart ers identicaily or substantf, T 

- that of xo, of developing ^jtc iy 

ahly derived from ungulates. whi^exnLTL 
characteristics and which express cell markers identify 
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or substantially similarly to icm 0 f * . 

-ryos, f or prolonged ^^^^ Un9UlatS 

It is another specific object of h,. • 
provide novel methods for the LL "^ion to 

5 — ' —late cuuu e ^^r'r Pr ° dU " i0n ° £ 

« is e more specific object" the ■ " ~ U UneS ' 
'"s novel methods for the tsol.f ln «"io„ to prc- 

cultured ungate ICM ^ -/« Paction of 

"orphological characteristics and h T* " eXhibit 
« identically or substantia! W ~" «*» 

"Pin, ungate embryos , pr J e ^^ £*- XCH of davel- 
culture. r r lon 3 Periods in 

It is a specific object of i-h. • 
novel method for culturiL and \ lnV8ntio " '° Provide a 
1= lines which exhibit ZZCcTlT" ^ ~ ~" 

-Press can markers identiclu" or T " d 
to ICMS of developin g -^"X^^ ^ 
Prises: "oryos, which method com- 

* - ~Us ^ „ pro g eni- 

and/or enzymatic means- y ° S " y me =hanical 

P-aX " ' «— layer culture, 

(iv) Sma11 individual cells; 

30 remaining c^lTured teu"^^ 1119 Pr ° perti - *«. the 

M passaging said separated cell* . 
layer, preferably fibroblasts unT 3 feeder 

separated cells are iTS^ SUCh 
feeder l ayer . dlreCt P^xca! contact with the 

It is a more specific object of ,->, • 

~ X* by the fou" Pr °" 
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(i) obtaining an ICM of blastocyst stage embryos 
preferably ungulates, by suitable mechanical and/or en2yraa . 
tzc means; "*yma 

(ii) culturing said obtained ICM onto a confluent 

5 ir^lT2uT er ceu monolayer ~~ 

in (ii ^. i CUltUring Said ™ -nder conditions which result 
» a multilayer cell colony which includes a substantially 
inner population of flattened epithelial-like cells and a 
second multilayered population of cells which substantially 
surrounds said inner epithelial-like cells and includes 
relatively small cells having cytoplasmic vesicles, and 
small cytoplasmic/nuclear volume ratios; 

cell ' eparating Said Second -ultilayered population of 

the ^ ^ S : bStantia11 ^ on the perimeter of 

the multxlayer cell colony by suitable non-degradative 
means, i.e., mechanical and/or enzymatic means; and 

(v) passaging said separated cells onto a new feeder 
layer preferably comprised of fibroblasts under conditions 

. :s r f :rr celis are in direct ™ — 

It is another object of the invention to provide cul- 
tured iCMs which exhibit morphological characteristics and 
which express cell markers identically or substantially 
similar to that of iCMs of developing ungulate embryos by a 
method comprising: 

(i> obtaining ungulate ICM cells or an established 
cultured ungulate ICM cell li n5; 

(ii) introducing into the nucleus of said ICM cells or 
said established cultured ICM cell line one or more genes 
whach inhibit differentiation, (DI genes) which DI gene or 
DI genes are preferably expressed under the control of an 
inducible promoter; 

(iii) culturing the resultant transgenic ICM cells or 
cultured ICM cell line on a feeder layer, preferably a 
confluent fibroblast layer, under conditions which provide 
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o £ r g :„ h : s expression ° £ said clo „ inhibiting 9ene 

It is another specific obiect of n, a • 

s Ubj ect improTCd cultured :^ h he e ™°° - - 

=al characteristics and express M U 11 ' ^"oiogi- 
substantially similarly to ICMs T ld <=ntically or 

0 embryos £or any usage L^s ^E^™? 
appUcability. Such usages include . „ ^ IC " S have 
differentiated cells ti«„. ' Production of 

by in vitro cell culture tech' - ° r9anS Wh0le • 

chimeric or nuclear tra». f ^ " th " "^"ion of 

5 transgenic. " """^ " hl = h -* 

or may not be 

*t is a specific obiect nf *-k<=. • 
cultured I CM cells which Ly be TjZT™ * 
transfer procedures, to produce geneticall T 
late embryos, fetuses and/o. offspri'a \ ^ Un9U " 

-ic ungulate embryos, fetuses oTo"^" ^ ^ 

It is another specific object of th* i ' 
the sublet cultured ICM s or cluuLTlZlTZ^ °" 
for integration of desired hec™, aer ived therefrom 

resultant transgenic c^TSlT" T*' "* " tta 
ungulate embryos, fetuses IJ, * ' transgenic 

transgenic ^rit ZZl.iT^"^ « <° ~* 

nguiate embryos, and/or offspring. 

Figure l is a photograph of cultured CICM 
without feeder layer contar* . u Us grown 

observed. ' Embry ° id bodie - may be 

Figure 2 is a photograoh of cytokeraMn • 
tured CICM cells. c ytokeratm positive cul- 

Figure 3 is a photograoh of ctpm „ n 
feeder layer. Multiple layer col " ' f±b ™ b ^ 

only 2 days of culturing ^ ™ ^.r 



WO 97/37009 



PCT/US97/04736 



-10- 



Figures 4 and 5 are photographs showing AP positive and 
cytokeratin negative CICM cell colonies. 

Figures 6 and 7 are photographs showing epithelial-like 
cells which are obtained during culturing of CICM cells 
5 Those cells are AP negative and cytokeratin positive 

Figure 8 is a photograph of CICM cell colonies This 
Photo shows that multilayer colonies are beginning to flat- 
ten into epithelial-like cell sheets. The cells in the 
noddle of the colony are AP negative and exhibit a flattened 
10 epithelial-like appearance. By contrast, cells in the 

perimeter are smaller, exhibit a multilayered morphology and 
possess cytoplasmic vesicles. 

Figure 9 is a photograph showing cultured pig CICM 
cells expressing a beta-galactosidase DNA construct five 
15 days after microinjection. 

DETAILED DKSCRIPTTOKT n» the twvttmtt™ 
Prior to discussing the invention in more detail, the 
following definitions are provided. 

20 . lnneT Cel1 ™* S cell » < r ™ MUl I : This is one of two 
distinct cell types which are produced during early embry- 
onic development, i.e., the blastocyst and eventually forms 
part of the feeder. These cells have known application in 
nuclear transfer techniques, and for producing chimeric and 
cloned offspring* 

Trophectod*™ f TB rp11n ) ; This referg tQ ^ ^ 
two distinct cell types which are produced during early 
embryonic development, i.e., the blastocyst stage and even- 
tually forms part of the placenta. 

ICM prog enitor r^l l : These are cells comprised in 
pre-blastocyst stage embryos which develop into ICM cells 

Cultured Wr cell naflfi rp11cr ; This refers fco 
cell mass cells which have been cultured in vitro for a 
prolonged period of time. 

Cultured inner cell mmn m (r T C M or caj^ured ICM] are 
cells which exhibit- mprB^glogigal ch«r M ^H,M W . and which 
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present invention, this will refer to el !• 
which exhibit a .orphology identic,! 0^ M ^ 
S the x« o f developing e Zyos. . 3 lu"' C ° 
general, such cells will grow as , In 

however. some cells may dffflr " ~ Tull cT 
exceeds approximately SO to X00 cells " 

late embryos. Sui'bu c ! 1 , ^ ° £ ""-^ un 3 u- 
identify suitable c 1 i c JeT" ^ ^ to 

» tins, in particular cytoxe rac l e "7 ^ ""^ =n ° k « a - 
enty.es such as aikalL ^ tasT a^t?" 11 
expressed in ICMs such as t 'l- " " U Mrl ">» 

Ideally, the levels „, aC ' 31,1 °«*- 

j-. me revels o£ expression (if an.i 

markers will b„ ,-k» . y f such c ell 

t^ZZ™::* ted ICM s ob- 

* ^ oTdt™ cr;: — * — 

which express a majority ^ ^ " CI ™ S 

teristic of undifferentiated ^^7"^ CharaC " 
embryos. ..... cyto^ratins sue as ^LSSTJ" 

enzymes such as alkaline phosphatase^ ^ an<3 

such as rex-1 ac and aaj J*"" 6 ' and "her cell markers 

«- fact that the amount of ^ »<«• - 

may vary, and some cell ZLlZZ T *~ 
in the subject dCMs tha "n und^f differently 
late embryos provided that this d """^ ICMS ° f ""Su- 
the ability of the res „ c CHs^ 7 a " a " 
tained accordi„ 3 to the invent"™ mai "" 

^ent'auro^'sub"™: 61 ,: 
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express alkaline phosphatase. Methods for detecting the 
expression of such cell markers and others are known in the 
art (some of which are referenced infra) and include by way 
of example immunodetection methods. For example, such 
methods detect the expression or lack of expression of a 
particular cellular marker based on reactivity of cells with 
a suxtable immunoprobe, e.g., a labeled antibody which pro- 
vides for specific detection. 

However, as discussed infra, there may be species 
differences in cell marker expression. (For example, where- 
as CICMs obtained from pigs are AP positive, CICMs obtained 
from cows are predominantly AP negative.) Moreover the 
cultured ICMs of the present invention may also contain 
genes which are not normally contained in ICMs, eg genes 
which encode for a desired product and/or one or more genes 
which inhibit differentiation. 

Differentiation inhibiting g ene: In the present inven _ 
tion this will typically refer to any nucleic acid sequence 
which inhibits the differentiation of ICMs . This includes 
by way. of example tsA58 as well as other genes encoding 
other T antigens and oncogene products, cytokines and tran- 
scription factors, e.g., OCT3, LIF and LIP receptor. Such 
differentiation inhibiting genes are known in the art and 
are described in WO 91/13150; Okamoto et al., Cell, 6 o-461 
25 (1990); Rosner et al . , Nature, 345:686 (1990); and Smith 

et al.. Nature, 336:688 (1988), all of which are incorporat- 
ed by reference in their entirety herein, other suitable 
genes include REX-1 (Rodgers et al, Develop 113:815-82* 
(1991)), and FGF-5 (Herbert et al, Develop 112:407-415 
30 (1991).) 

Inducible or regulatabTe p romoter: This refers to any 
promoter which, when operably linked to a desired structural 
gene, e.g., a differentiation inhibiting gene, is "turned 
on", i.e., promotes transcription, under specific condi- 
35 tions. Typically, this requires the presence or absence of 
one or more substituents in the culture medium, e.g., meta i 



20 



WO 97/37009 

PCT/US97/04736 



= - ..... 

inducible or regulable promot ' mPlM ° f " e " known 
response omenta euch -"^C* * of eJtample 
««■«» « a!.. ^ 4< «> '4/2,442,. int „. 

■"etallothionein P romoteraW ant ' 19<!S "' "ercid and 

etc. rhese reference 'are ^T"" ^^ro^er S , 
their entirety. " ""rporated by reference in 
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±W2X-cella; This 
"eed to obtain and/or propaoa" ^ " US WWch "e 
J« celi Unes. Prefer^ euch i ^tured 
Ooblasts, and ™ore preferab lv " U1 fc e 

biaata, e.g., from „.f ™"«ne enbrycinic fibro _ 

« —Me reader cell, i"^ e other 

epithelial cells from ' ^ Ooblast and uterine 

-irat. sto - ^^rsv* 

' grOWin 9 "^^T^^f^ : This «fers to a 
lever which ej:hibits ^11,2 IC * °" «» ^eder 

<"«ere„t. distinct ceu p ; ul t: o ; trUCtU " Seeing two 
latron substantial!, const^es \" "» 
layer ceil colony and is ml "^"-^ of the multi . 
"elude caila which are rela tl T ** Cells ^rein 

-idea, and which ^ ~ ^oplaa- 

activity. The other " ««n gl y positive for 

**~ i„ ehe ^ D f ^ ^ is -bstantiaUy co„. 

consists of a flattened epitheiL , T "* SUbst *«ia»y 
-roh exhibit iittie or J — ^tion of Mlls 

As discussed the 
■ "cted to cultured ,« U 

improved propertiaa in relation to" " hi <* e * hib it 

cultured mm.. In pmlcal ^"' ° ""vxously reported 
e=*ibit .orphological e Wt«^. C ^»- «*■ and cella 

lcs and express cell 
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markers identical!,, or substantially simUany to the ICHs 
of developing embryos. 

The present invention provides cultured ICMs which 
possess a novel combination o£ properties which are identi- 
cal or substantially similar to ICMs of developing ungulate 
embryos they possess the above-defined multilayer 

cell colony morphology, and express cell markers identicallv 
or substantially simUarly to ICMs of developing ungulate 
embryos, e.g., they do not express cytokeratin 18 and may or 
may not express alkaline phosphatase (depending on partlcu 
lar species of origin.) 

Both the alkaline phosphatase marker and cytokeratin is 
marker have been used independently by previous reSMK ^ 
to determine whether cultured cells are putatively similar 
to developing ungulate ICMs (Piedrahita et al., Th^enol^ 
X*. 34:879 (1 990 ,, Wheeler etal., Reorod . For-t-ZZT^^ 

6:563 (1994) and Talbot et al MoT rIZZ « 
hoo ,„ t " - -■ Re P rn ^ TW„, 36:139 

(1993)). Thus, the expression of these cell markers by the 
CICMs produced herein provides strong evidence that the 
subject culturing techniques may be used to obtain ICMs 
which are identical or substantially similar to rcMs found 
in developing ungulate embryos. 

tcm Thi V S in C ° ntraSt t0 previousl y disclosed cultured 
ICMs, such as the cultured pig icm s of Talbot et al (Id ) 
which, after culturing for only two weeks in vitro, differ- 
entiated and lost AP activity. The subject cultured ICMs 
are also different from the cultured bovine ICM cells of 
Sims et al. (idj , which were cultured for ^ ^ 

time but which were disaggregated and grown as individual 
cells m a cell suspension system. The subject cultured 
ICMs are further different from ES-like cells which have 

epithelial monolayer and which are AP negative and cytokera- 
tin positive. Further, the subject cultured ICMs are dif- 
ferent from those of Wheeler, R^nrc^_Fert_Dev., 6 . 5S3 
(1994) and WO 94/26884 which, while growing in multilayer 
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colonies and being cytokeratin negative ( sim ; 

cell lines of the present invention) a re t , "° ^ 

Pendent. ° n; are feeder l ayer inde . 

» - ceuur: ^T™^ ~ — CXCM cells 

and nuclear transfer stud*.. . " ed for oh Mera 

ceUs. fetuses and o, ^ XnT" f"^""^ 
«« cell llnes are produce! 'by either" ' t f ^ 
10 methods. y 61ther of the following two 

The first method comprises «-„i-.- • 
« 'CM progenitor cells ^ preblast 9 ^ " WaSt °^ C 
P-eraMy tho se derived ^V'T 
"any important livestock a „ im als It V " 9UUtes i"clud. 
» =»eep. horses and goats. ThereLe , ""^ ""^ 

Potentially suitable for the ZZ'l ■ " Un9Ulate Cell = 

highly desirable. Also 'J^Tl™ °* 
advantages over other specLT '""^ Si *>«icant 

, «- - cultured xcms r ^c^rT 1 ~" 
' e-g., rodents, because they are T ™i«*U, 
logicaliy ,„ re simll „ to L ans ° SlC * lly ^ Ph ^-- 

Ungulate embrvos of ki *. 
-X he obtained * wel^ntn ^s" T^' 
cyst or preblastocyst embrvc . * exam P 1 *. blasto- 

*- the reproductive iZTTZXlT^ 
=°ws, post mortem during surgical L 9 ' ' Pi9S ° r 

caily. Generally ^^ZTLulZ^ " n °"- SUr9i - 
» days and preferably e days « t . f " ^ ^ 2 to 
°f the blastocyst or prebla^ collection, the ICMs 

«i" either be partiaC^arat —~ 
the trophobUst cells, or lt, Z^\T ^ f ™ 
' Uon is affected, it is typicallv P "" al Separa " 

-ohanical and/or enzymatH IthL * SUUable 

-Ituring gUss needed o "y" ^ ' <* * 

Pronase. y incubation with trypsin or 
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The partially separated or intact ICMs of the blasto- 
cyst whxch contains the ICM and at least a portion of the 
trophectoderm or ICM progenitor cells derived from pre- 
blastocyst stage embryos are then introduced onto a suitable 
S feeder cell layer culture medium. A n cells derived ™ S 
preblastocyst stage embryos are introduced onto a suitable 
feeder layer. As discussed supra, the feeder cell layer 
wUl concise any cell layer which allows for the selection 
10 fc a ° d/ ! r ° f -differentiated ICMs. Preferably, 

10 the feeder cell layer will comprise fibroblasts, and more 
preferably those derived fro, primary cultures of embryonic 
«~ ne fibroblasts. However, it is expected that fibrTbLt 
therefor" " ^ ^ flbr ° blaSts be substituted 

15 It has been found by the present inventors that the 

morphological characteristics of the feeder layer is an 
important factor in obtaining and propagating undifferenti- 
ated CICM cell lines in culture. More particularly, it has 

20 ICM!! TV" 1 " CUltUre Plate USSd f ° r CUltU ^ ^e 

20 ICMs should preferably comprise a thick confluent monolayer 

of feeder cells, more preferably a thick confluent monolayer 
of murine fibroblast cells. 

As discussed in greater detail in the Examples, the 
feeder layer is preferably obtained from primary cultures of 
25 embryonic fibroblasts, e.g., cells derived from 12 . 16 day 
old murine fetuses. Methods for the isolation of fibro- 
blasts are well known in the art. For example, fibroblasts 
may be collected by aseptic removal of the head, liver 
heart and alimentary tract from suitable murine fetuses, 
30 which are then minced and incubated under suitable condi- 
tions to provide for cell dissociation, e.g., incubation 
with a trypsin containing composition, and the dissociated 
fibroblasts then plated onto tissue culture dishes contain- 
xng suitable culture medium. 
»5 Any medium suitable for maintaining the cultured feeder 

cells, e.g., murine fibroblasts, may be used. m partic- 
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ular the present inventors chose to plate fibmM 
on tissue culture dishes and culture L al l*™* 1 ™ Cells 
(BioWhittaJcer, Walicersville MD) sull ^ 
calf serum ( FCS > CHyclone ^ T^l^ "* ^ 
W.1, and streptomycin ( 50 UolZ « ^ 
that other me dia may he suhstituted ^ " " 
eg., HMKM suppl em ented with glutamine, 

ethanol, MEM non-essential amino acids 5 20 2 - mer «pto, 
bodies, nucleosides, g l utamine (5ee s^ eVT' 3nti " 
penology 33 :981 ( 1990) ; Notarianni et \ 6ri °" 

^3 (Suppl): 255 (1990)}; and CM heta "n^BR^f^^ 
medium (See Handyside et al » . conditioned 
1V:185 (1987), ' E32 ^^-^Blo^ , 



196:185 (1987)). 

15 



After the fibroblasts are cul-u^H , 
are then passaged onto other tissue " C ° nflUenCe ' they 
directly for culturing of 1CH cell , " " Sed 

ably, at some time afL p s " ^ ~ U 1W 
of a ICM, the feeder cells I T f h ^ * ^"^i* 
2Q created with an amount of ^ij^'' ™ 
20 preferably from 5 to loo „ ff/ml and „ ' ^ ^omycin c, 
of mytomycin c, confine, ^."^^^ 10 
-dium, e.g., alpha-MEM or expose" to , 

impede the growth of fibroblasts ^"tion to stop or 

The feeder cells, e.g fih^M fc 

a thick confluent monolayer cf cell. u Pr ° dUctiOT <* 
?or example, this ° n ^ -Iture diehes. 

u - *» . i—ifiia a,::;: b r r n : n ainins the fib ~- 

CO, in air at 37 . c H / .' e ' 9 " ° n * containing 5% 

»• ««- c ua t uri „ g conaitioi : a ;L is va r;r r the spe - 

factors includinq e a d de P end ^t upon 

.species, among ILlt^l^ * ■»•. 
As discussed, culture u- , 

5 celi monolayer, are thai need * Z ' * 

sublet CXCH ceua ana cei n ull Z ^T™ 

S ' Thls w ill preferably 
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comprise plating the partially separated or intact ungulate 
ICMs containing at least a portion of the trophectoderm 
dxrectly onto the mytomycin C treated confluent feeder 
layer. This is effected by any means which provides for 
direct physical contact between the cultured ICM and the 
feeder cells. This may be accomplished by different meth- 
ods. For example, this may be effected by use of a glass 
Pipette to initiate contact between the ICM and the fibro 
blast feeder layer. Alternatively, physical contact between 
feeder cell layer and cultured ICMs may be effected by 
P acing the ICM cells under the feeder layer and the bottom 
of the culture dish, or by centrifuging ICM cells so as to 
force them onto the feeder cell layer. 

The ICMs are cultured on the feeder layer using any 
culture medium which allows for the growth and maintenance 
of ICMs and the desired multilayer colony morphology 
Preferably, the CICM cells or cell lines will be maintained 
an a growth medium consisting of alpha-MEM supplemented with 
FCS and 0.1 mM beta-mercaptoethanol (Sigma). However 
other culture medium may be substituted therefore including 
e.g., the cultured media disclosed supra. 

The growth medium is exchanged for fresh medium as 
necessary during culturing so as to optimize cell growth 
This is typically effected about every 2-3 days. However 
this may vary dependent upon the specific feeder cells and 
the selected culture medium. After culturing is effected 
for several days, usually about 4 days, the first cultured 
ICM or CICM colonies will be observed, and some time there- 
after, typically at least about l day later, the cultured 
ICMs may then be passaged onto other fibroblast feeder layer 
containing culture plates. 

It has also been found that the passaging efficiency of 
CICM cells is enhanced when they are passaged together with 
some associated feeder cells onto a new feeder layer. 
Therefore, the new passage contains some of the feeder cells 
from the previous passage. in passaging the CICM cells 
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together with some associated feeder cells f«h m 
has been found that the passaging ef fL len cv ^ ' * 

dCM cell clumps which ^VJ^tT; * 
cantly enhanced. les) ls signifi- 

5 AS discuss ^ above, an important part of the i 

comprises the discovery that CICM ^ i invention 

for passaging and ehe production of culture, £ m ^ 
cell u„ es havi che properties * ™ a 

» ceu s „ hich possess the .onowS^ogitr:::^- . 

tics are preferred: y 1 cft aracteris- 

(i) small cytoplasmic/nuclear volume ratio t 
from about 10/90 to about 50/^ (ranging 
to about 30/70 J ' P refe ^bly about 10/90 

©out 30/70, and most preferably about 25/75) • 

( . (U ° b — ^ cytoplasmic vesicles,- and ' 
U11) small individual cell.; r-= • 

vesicles can easily be observed In cultured n 
«U sise can be easily determined H ' ' 

- of « prised' on t^ ZT^. 

- and ceil „ar*er l^SS « ^l™ 0 * 1 " 
Properties for prolonged periods in tissue cuHure 

after repeated passaging culture, i.e., 

- o^^^rr *~ - — - 

initially attach to the feeaTr L ' ^ U "' S 

"ies shortiy b*co m e vi si l e ^ ^ «*>- 

^e, typi Cally after abou( . 2 ^ 
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However, these multilayer colonies generally begin to flat- 
ten into epithelial sheets of cells as the cells propagate 
in vitro. Related to this observation, it was discovered 
that while the cells contained in the multilayer section of 
the colony are AP positive and cytokeratin 18 negative, the 
flattened epithelial-like cells are AP negative and cyto- 
keratin 18 positive. Thus, the epithelial-like cells ex- 
press cell markers differently from ICMs of developing 
fetuses. Accordingly, it was discovered that ICMs cultured 
on feeder cell layers over time gradually exhibit a morphol- 
ogy and express cell markers which are inconsistent with 
ICMs of undifferentiated developing embryos. This is unde- 
sirable because CICMs which exhibit properties identically 
or substantially similarly to undifferentiated ICMs of 
developing embryos will potentially be totipotent and there- 
fore should be useful in chimeric and nuclear transfer (NT) 
techniques . 

Thus, the goal of the present invention was to develop 
culturing methods which maintain or revert these ICM cell 
colonies such that they comprise the desired multilayered 
colony morphology. It was theorized, based on the described 
morphology of the ICM colony, that specific cells could be 
separated and used for passaging and that these separated 
cells might potentially result in the production of cultured 
ICMs having the desired multilayer morphology. 

As noted, it was observed that the growing ICM cell 
colony, while initially entirely multilayer, quite rapidly 
flattens out to produce an epithelial sheet of cells having 
two distinct populations of cells within the colony. The 
first population is comprised on the outer perimeter of the 
cell colony and possesses a multilayer structure and in- 
cludes cells which possess the following morphological 
characteristics : 

(i) small cell size (cells ranging from about 10 - 20 
Mm in diameter, preferably less than 15 fim in diameter) ; 
(ii) observable cytoplasmic vesicles; and 
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diD small cytoplasmic/nuclear volume ratio (ranges 
from about 10/90 to about 50/50. preferably about !„/« to 
about 30/70. and most preferably about 25/^5 ) 

5 stainT T 1 SeCti °" ° f <: ° l0ny " aS also £ °™° to 
stain strongly positive for AP activity. By oontrast. the 
cells in the middle of the colony tend to be comprised of 

^a":::u; pitheliai - uta ceus ^ ^ — ~ ~ 

Based on the observed AP activity and multilayer struc- 
ture, the present inventors decided to selectively passage 
only .„ substantially only the cells in the oute/per^er 
of the cell colony and specifically the cells having small 
cytoplasms volume/nuclear volume ratio, observable cyto 
Plasm vesicles and small cell size (defined supra> in the 
hope that these cultured cells would produce addi iona 

How v » «- Paired morphology. 

However, this outcome was not at all assured. To the con 

steal' " ™/° SSibU th " ««* P-saging could have in- 
stead resulted ln colonies consisting entirely of flattened 

Ua Til CeUS ' Pa " iCUl *^ « «- observed e P h e 

Ual-lx.ce appearance and altered cell marker expression were 
a - nseguence of culturing in vitro over prQl 

or a consequence of ICM cell passaging 

that th 1 " r rPriSi " 3ly ' PreS6nt inVenCors discovered 
that the selective passaging of cells comprised in the 

pester of the multilayer ceil colony, possessing the 

above-enumerated morphological characteristics produced ICM 

multilayer colonies. Also, it was surprisingly found that 

these multilayer colonies contain cells which express cell 

"arkers identically or substantially similarly to Z of 

Zt7 1 " 9 MOreWer ' " £0 » d th " "e s^ect 

method provrdea for the maintained production of dCMs which 

sSstantia^ f ^ eXPrSSS mark6rS "sntically or 

substantially similarly to ICM of developing ungulate embrv 
os theoretically indefinitely. ciCMs produced^ d n^t 
the invention maintain such properties for prolonged peril 
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in culture, i.e., for at least one passage, after about 5 to 
10 passages, and more preferably after about 10 to 50 pas- 
sages. 

The selective passaging of cells having the desired 
morphological characteristics may be accomplished by known 
cell separation methods. For example, the multilayered 
portion of the colony which constitutes the perimeter of the 
colony may be separated from the middle portion of the 
colony by physical means, e.g., using a glass pipette or a 
needle. The large cell clumps which result can then be 
further broken down by physical and/or chemical and/or 
enzymatic means. For example, cell dissociation may be 
effected by the use of enzymes, e.g., trypsin or pronase. 
Alternatively, mechanical cell separation may be effected by 
repeatedly pipetting large cell clusters or cell clumps 
through a cell pipette or by use of a needle or razor blade 
to cut large cell clumps into smaller groups. Preferably, 
such chemical and/or mechanical cell separation will produce 
CICM clusters suitable for passaging, i.e., which contain 
about 5 to 100 cells. 

The separated cells used for passaging will preferably 
consist of cells contained in the multilayer peripheral 
section of the cell colony, preferably having the above- 
recited morphological characteristics. However, in some 
cases, even cells from the inner portion of the cell colony, 
when treated according to the invention, are found to pro- 
duce multilayer colonies after passaging onto a new feeder 
layer. 

This is believed to occur because the cells revert back 
to the desired multilayer colonies either because of the 
passaging procedure or the reestablishment of cell-to-cell 
.contact with the new feeder layer. However, the present 
inventors do not wish to be bound by their belief . 

During passaging, it is essential that the small ICM 
cells or cell clusters be placed into direct contact with 
the feeder layer to prevent CICM colony differentiation. it 
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has been found that if the cells or cell clusters are „ 
without sufficient contact with feeder layer that thi 
instead results in embryoid bodies. Such^o o es 

s 211 7171? Fi9ure 1 which is a ph ~ 

fi^ri^. 0 ^ grown without sufficie - — **. 

To initiate direct contact, any method may be used 
which provides for direct cell n™*- * w 

cells and feeder cell layer whi h " ^ CICM 

' CXCMs and does not l^;^" T d ~ t± " t0 ^ 
least *ffi • . tersely affect colony production. The 

cells to ett'l 15 " all ° W thS Sma11 ^ "f 

cells to settle down on top of the feeder layer it is ° 

Pre erable to use methods which provide for more e fi e t 

-Layer. This has been found to result in = k- u 

multilayer CICM cell colonies. 9 """^ ° f 

con t ,«w hySiCal meanS WhiCh Pr ° Vldes £ ° r -fenced physical 
contact between the CICM cells and the feeder cells w 

leased direct contact ^Zj^Z/Tt^" 
layer include, by way of e.a.ple, the us. of a pipette " 
Press the individual du^s of cells onto the fee er layer- 
he placement of CICM can clusters under the feeder lay"' 

i : t :r ; : h r i rrr r een the £ — i - r 

of cells on top of c e fee e a ^ ™~ ^ 
and 5000 g for about 10 -inutes to 5 t ^ 100 

clusters onto the feeder laver V " the 

apiary of methods ^y be^ ^ orTche"^ 
cell clusters into close contact with the feeder layer 
Othar methods n ay be substituted therefore provide, ^t 
they do not adversely affect the formation of the desired 
multilayer CICM cell colonies a fi „ nesired 

-.i t_ ues ' As discussed above it- h=,c 

also been found that Bassaairm • ' " has 

passaging efficiency may farther be 
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enhanced by passaging CICM cells together with some associ- 
ated feeder cells onto the new feeder colony. Apparently 
the presence of some of the feeder cells from the previous 
passage enhances the percentage of CICM cell clumps which 
result in new colonies. 

In general, the above culturing procedure for culturing 
CICM cells is applicable to any ungulate derived CICM cells. 
For example, procedures initially found to be suitable for 
culturing pig CICM cells have been found to be applicable to 
bovine CICM cells. However, one observed difference is that 
the majority of cells derived from bovine embryos are AP 
negative whereas those derived from pig embryos are AP 
positive. It is hypothesized that there may exist species 
differences in AP expression in cows and pig ICMs. However, 
this is unclear because the inventors were able to produce 
one bovine cell line that was weakly AP positive and which 
grows in small clumps. {See Figure 2) . 

Also, the bovine cells differ from the pig cells in 
that the borders of the colony are not as well defined. 
However, similar to the pig derived cells, the cells com- 
prised in the perimeter of the colony are AP positive where- 
as cells in the center of the colony tend to lose AP activi- 
ty. This also may be appreciated upon review of Fig. 2. 
Similar to pig derived CICMs, these cells are cytokeratin 18 
negative . 

As shown in the Examples, and described in more detail 
infra, the subject CICMs are useful for the introduction of 
heterologous DNAs. In particular, transgenic CICM cell 
lines have been produced which contain within their genome a 
heterologous DNA (beta-galactosidase DNA construct) . Also, 
recently the inventors obtained cells using the above -de- 
scribed culturing methods which were somewhat different from 
the described CICM cells in their morphology, ability to 
differentiate, level of endogenous beta-galactosidase activ- 
ity (higher) , and ability to express beta-galactosidase DNA 
constructs. Moreover, these cells were AP negative from the 
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onset of culturing, whereas previous CICM cells of pi gs 
tended to lose AP activity over time during culturing 
Similar cells have been observed and propagated in CICMs 
derived from cows. Although these cells lack AP activity 
5 they exhibit some characteristics in common with ICM cells 
Therefore, they may also be useful for production of trans- 
genic cloned embryos, as well as the other described appli- 
cations of CICMs. 

The present invention further provides another method 
10 for providing cultured ICM cells and cell lines having the 
desired morphological and cell marker characteristics e g 
CICMs which are AP positive and cytokeratin 18 negative 
This second method will also involve obtaining and culturing 
ICMs, preferably from blastocyst or preblastocyst stage 
15 embryos of ungulates on feeder cell layer cultures. P^fer 
ably, the culturing techniques and passaging methods will be 
effected as described above. 

However, the second method differs in the fact that the 
cultured ICM cells will express, preferably only under 
20 specific conditions, a differentiation inhibiting (DI) gene 
This is preferably accomplished by introducing . nto icm - 

cells, at some time during the culturing or passaging proce- 
dures, a nucleic acid sequence which includes a differentia 
tion inhibiting gene, which is preferably expressed under 
25 the control of an inducible or regulatable promoter 

As noted above, DI genes refer to any gene or genes 
which may inhibit cell differentiation in the CICM cell 
colonies which do not adversely affect the isolation of CICM 

30 "d -if 8 dSSired ""^W* characteristics 

and cell marker expression. The DI gene, preferably ooera- 
bly linked in proper reading frame to a regulatable or ~ 
. inducible promoter may be introduced into the nucleus of 
embryonic cells from which the CICM cell lines are derived 

35 fT! PaSSa9in9 ' ° r ^ernatively introduced into an estab- 
35 lished CICM cell line. 
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This is effected in a manner which results in the DI 
gene, or transgene as it may be accurately described, being 
integrated into the genome of the embryonic ICM or cultured 
ICM cells or cell line. Methods for introducing desired 
5 DNAs into mammalian cells and embryonic cells in particular 
are known in the art and include by way of example microin- 
jection, electroporation, lipofection, retroviral insertion, 
Ca precipitation, and liposome insertion. To date, micro- 
injection appears to be the most efficient means for intro- 
10 ducing the DNA into CICM cell lines. However, it is expect- 
ed that other methods will also be effective with appropri- 
ate optimization. 

Differentiation inhibiting genes suitable for use in 
the invention include, e.g., tsA58 (See WO 91/13150), other 
T antigens and oncogene products known to inhibit differen- 
tiation (See WO 91/13150 for examples thereof) , OCT3 
(Okamoto et al . , Cell, 60:461 (1990), Rosner et al . , Nature, 
345:686, (1990), LIP and the LIF receptor (Smith et. al . , 
Nature, 336:688 (1988)). These DI genes are merely exem- 
plary of those which may be used in the present invention. 

The DI gene is preferably placed under the control of 
an inducible or regulatable promoter. As noted, examples of 
inducible promoters are well known in the art and include by 
way of example the metallothionein promoter (metal ion 
inducible) , as well as the response elements for tetracy- 
cline, interferon and steroid (See WO 94/29442; Kimura 
et al., Cell, 44:261 (1986); Yarranton, Curr. torn. Pi^^ 
3:506 (1992) ) . 

After the transgene is integrated into the embryonic or 
cultured ICM cells or cell line, and the resultant trans- 
genic cells are established onto feeder cell cultures, the 
DI gene or genes are turned on by inducing the particular 
inducible promoter. This is typically effected by adjust- 
ment of culturing conditions. For example, if the promoter 
is the metallothionein promoter induction is effected by 
introduction of a culture medium containing appropriate 
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metal ions which induce ("turn on", the promoter. Therebv 
when the cells are cultured under induction conditions the 
cultured ZCM cells shouid continually or for prolong 
periods in tissue culture maintain the desired CICM cell 
morphology and gene egression characteristics. More " 
«fx«lly. the cells should exhibit the desired multilayer 
cell colony morphology and express eel! markers identical^ 
or substantially similarly to ICMs of developing embryo" 
.... the cells win generally he AP positive and cyt^era 

ICM cell colonies differentiating into flattened epithelial 
sheets which are AP negative and cytCceratin is positive 
(w hl ch are observed when ICMs are cultured under convention 
trl T ShOUW ^ mi " imiZed ° r — eliminated 

£ cUle d Sh ° Uld alS ° PrSTCnt °» nation of 

ods . during passage and during sustained culture peri- 

The resultant cultured ICM cells and cell lines which 

usages^ Most especially, these CICM cell lines may be used 

in rrr^r 9 which posse - ^ ci ™ ~ *• 

CICM ~li er , iC °", SPrln9 ^ ° btalnea by tn i«"«9 the 
CICM cells directly into the blastocoele cavitv of ! ■ ■ 

TsZilt r ined with s^^r 
z "^r^: are then piaced int ° * 

genetic 00^^^^ ^ ^ 9 

cell* of -k gan s y stems including the germ 

cells of the reproductive organ. Therebv M, a u • 
arn - mal , 3 inereoy, the chimeric 

„To CICK 9ene " CS int ° 9 enera- 

Lt „ °" Sprln 9. Also, the introduced CICM may have 

e.g., which encode hormones, which provide for disease 
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resistance, (e.g., lymphokines, viral resistance genes 
bacterial resistance genes), enhanced milk production ' 
altered fat percentages, enhanced body weight, among other 
enhanced properties. Also, genes may be introduced which 
5 encode for desired gene products, e.g., genes which encode 
products useful as human therapeutics or for xenotransplan- 
tation. 

Also, the subject CICM cells may be used in nuclear 
transfer procedures to obtain nuclear transfer embryos 
10 fetuses and offspring. Nuclear transfer techniques are 
known in the literature and are described in many of the 
references discussed in the Background of the Invention 
See in particular, Campbell et al . , Therj^enology. 43:181 
(1995); Collas et al., Mcl. Rgprod n a „ 38:264-267 (199*)- 
15 Keefer et al., Biol. Reprnd , , 50:935-939 (1994); Sims 

SC al " Prop. Natl ■ Acad. Sci TT^a , 91:6 143 (1994); Stice 
et al., Therioqenoloqy , 41:301 (1994); Sims et al . , P^ oc 
Natl. Acad Sri HSR , 90:6143-6147 (1993); WO 94/26884- 
WO 94/24274; and WO 90/03432 which are incorporated by' 
reference in their entirety herein. Again, if the CICM 
contributes to fetal germ cells, the CICM genetics can be 
passed onto subsequent generations of animals. Similarly, 
the CICM cells may be genetically engineered such that they 
have integrated into their genome a desired gene or genes, 
e.g., genes which provide for enhanced livestock properties 
or which encode for desired gene products, e.g., human 
therapeutics or other polypeptides. 

Still further, differentiated cells, tissues or organs 
produced by nuclear transfer or obtained from chimeric 
fetuses or offspring may be used in transplantation thera- 
pies. For example, nuclear transfer or chimeric fetuses 
derived from CICM cells containing an anti-rejection gene or 
genes may provide a source of hematopoietic cells useful to 
supplement or replace human hematopoietic stem cells. This 
is potentially useful in immunocompromised patients, e g 
AIDS patients or other diseases affecting hematopoietic stem 
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cells. 



Hunting , ° eUS ^ USe£Ul in treatment of 

Huntxngton-s disease. Parkinson's disease and Alzheimer's 
disease. Moreover, pancreatic ceiis .ay be usefu! in 
diabetes treatments. Further transplanted liver cells mav 
e useful for the treatment of liver diseases. Alternat-Tvo 
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ly, whole soft or g ans may potentia y Z anspl^ eTT^" 

Also, the subject CICM cell lines may be used as an 
in vitro model of dif ferentiat-i™ • . an 

e . . c °~"erentiation, an particular for the 

zz^r which are ^ *■ - 

CICM «n I" ° nly K eXempU ^ ° £ P*«tirt applications of 

The i " ■ aCC ° rdin3 t0 Che invention 

the , !?? " " U1 n °" be dSSCribed in «™ ^tail iT 

the following Examples. n 

EXAMPTiR i 
Production of CICM cell n nan * 
Mastocyst sta 9 e P i 9 embryos ^^^^ 
lowing general protocol Fir-*t ~ • 

onic feasts were 0^7^/1^ UnT 
fetuses. After the head, liver, heart and alimentZT 

::::d a r pt :: aiiy ~ — — z™z :r 

Dated for 30 minutes at 27°r ~ , 

C ln Prewarmed trypsin ETvra 

and culled in ^^^aZ^Z?^^ 

blasts, m 3s , 10 Hunc r:::::^ rcn 

rfxc McGaw Par*. IW , were treated „ ich ^ 

efts "rA" T lemenCed £ « « of 

re. hrs. The fxoroblasts were grown and maintained in a 
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huraidified atmosphere with 5% C0 2 in air at 37°C. Only 
culture plates which had a thick confluent monolayer of 
cells were used to culture the CICM cell lines. The charac- 
teristics of the feeder layer is an important factor in 
obtaining and propagating undifferentiated CICM cell lines. 

Porcine embryos were surgically collected from the 
reproductive tract post mortem or during surgical laparoto- 
my. The ICM of blastocyst stage embryos were either par- 
tially separated from the trophoblast cells using a cutting 
needle, incubated in trypsin or pronase, or left intact. 
The ICM and at least a portion of the trophectoderm was 
plated directly onto the mitomycin C blocked fibroblast 
cells often using a glass pipette to initiate contact 
between the ICM and the fibroblast feeder layer. The CICM 
cell lines were maintained in a growth medium consisting of 
alpha MEM supplemented with 10% FCS and 0.1 mM beta-mercap- 
toethanol (Sigma) . Growth medium was exchanged every two to 
three days. Initial colonies were observed by the fourth 
day of culture and could be passaged any time after the 
fifth day. Only cells having the following three morpholog- 
ical features were isolated for passage: a small cytoplas- 
mic/nuclear volume ratio, cytoplasmic vesicles, and gener- 
ally small individual cells (less than 15 fim in diameter) . 
These cells are often isolated from multilayer portions of 
the colony which maintained direct contact with the feeder 
layer. The portions of the colony that met this criteria 
were often AP positive and cytokeratin negative upon passage 
onto a hew feeder layer. 

When the ICM or the passaged CICM cells initially 
attach to the feeder layer, multiple layer colonies consist- 
ing of small cells are visible after two days in culture. 
This can be seen in Fig. 3. The multilayer colonies are AP 
positive and cytokeratin negative (See Figs. 4 and 5). 
However, some of the colonies begin to form an epithelial - 
like sheet of cells. The epithelial-like cells are AP 
negative and cytokeratin positive (Figs. 6 and 7). in 
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addition, the multilayer colonies o£ten b 

sheet of ceils havi„„ / " ' £ormln9 an epithelial 

"Unin the olo„T L £ 0 i r :r in ", P0PUlaCiOTS * 
a ~und the perimeter"; 0^""^ *" " — 

is multilayered ana the individual celT " C ° lOTy 

» Possess cytoplasmic vesicles " T ht area" T 

colony contains the flattened epithelial l\„ 

«lls. These cells tend ►„ h eP1Mellal - lll<e Population of 

xn this population o eel Individ f^' ° f ^ 
" borders can he observed wLn vitwL the"? 

microscope (Fio »l . . 9 Colony * 

activit/or lone aTall 931 "' ^ ^ V " y AP 

It was theorized that to maintain n. j . 

layer type cells, preferably 0 "esrred multi- 

'0 perimeter would be select i ar ° Und the 

a! multilayer coWei ! " P ™ dU « a ^"on- 

This is probably accomplished by usino a al.. ■ 
razor or a needle to cut ™,t , 9 ass P l P e tte 

colony (perimeter cells L mUUUayer ° f «» 

» broken down iurth.r either by m cZMIiT " 

«sin 9 trypsin <0.05* trypsinjo "^1, r^ 10 " ° r by 
mechanical separation, ^chani al^p ra tW 
by repeatedly pipettino 1.™ i Paratlon 15 conducted 
tbrou 9 h a small I pipettf ArT ° f - CeUS UP *» 
' »zor blade can be used t cut tlTZT^ * ~ 
smaller groups it „ SE .„ 9 3rCup o£ cells into 

-ained by aU ^"12^^71^ ^ 
Passaged onto new feeder layers to J ^ be 

desired muItilay er «pj^° ^ ^ 

cells from the inner portion of^ he i oc <^°ns even 

- aa me manner, produced LIC^LT 
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onto new feeder layers. It is hypothesized that these cells 
reverted back to the multilayer colonies as a result of 
either the passage procedure or the reestablishment of cell 
to cell contact with the new feeder layer. 

It was observed that the small clumps of cells must be 
placed back in direct contact with the feeder layer to 
prevent CICM colony differentiation. By contrast, cells 
grown without contact with feeder layers form embryoid 
bodies (Fig. 1) . There are several methods used to re- 
initiate feeder layer contact. The least efficient means is 
to allow the small clumps of cells to settle down on top of 
the feeder layer after the cell culture plates are placed 
back in the incubator. A preferred method involves forcing 
cell to cell contact between the CICM cells and the feeder 
layer. This results in a higher number of newly established 
CICM cell colonies. One way to force cell to cell contact 
is to use a pipette to press the individual clumps of cells 
down on top of the feeder layer. Another method is to place 
the clump of CICM cells under the feeder layer so that the 
cells are forced between the feeder layer and the bottom of 
the culture dish. Still alternatively, clumps of cells on 
top of the feeder layer can be centrifuged between (100 and 
5000 g) for (10 min to 5 hrs) to force the cells down on top 
of the feeder layer. Essentially, any method which forces 
the passaged clumps of CICM cells into close contact with 
the feeder layer results in the production of CICM cell 
colonies having the desired multilayer morphology. Also, as 
discussed previously, passaging efficiency may be further 
enhanced by passaging CICM cells along with some associated 
feeder cells onto the new feeder layer. 

EXAMPLE 2 

CICM cells obtained according to Example 1 were used 
for insertion of heterologous DNA's. Specifically, these 
cells were microinjected with linear as well as supercoiled 
DNA constructs containing different promoters placed in 
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front of either the beta-galactosidase gene and/or the 
neomycin phosphotransferase 9 ene. The specific promoters 
used were the cytomegalovirus promoter <CMV promoter, 
Phosphoglyoerate Kinase promoter (PGK promoter) mammarv 
promoter «« promoter,, rec„v promoter and ch CKeTbet^ 
actrn promoter. These gene constructs were diluted in a 
buffered solution (containing SOmM Kcl Md 70mM HEpES " 
However, other buffers may readiiy he substituted therefore 
such as Tris EDTA. The concentration of the DMA construe"' 
» solution ranged from s to 10, g/ml. However, concentre 

tZ ™r n9 fr °" 01 t0 " 9/nl Sh ° UW * ^"ecti™ 
These DNA preparations were then microinjected into culr • 
CICM cells obtained according to Example 1 

In this procedure, the individual CICM cells within rh. 
colonies were located by viewing the colonies through an 
rnverted microscope. Thereafter, the cell membrane alone or 
add tonally the nuclear membrane was punctured using a 
small section needle containing the DNA preparatio! The 
opening in the needle was about 1 m such 

UUL x Such a diameter 

needle was selected to help prevent CICM cell lysis te „ 
over, the microinjection procedure was f acUita^ by the 

:Lr::c:pi; cromanipuiator - hich - — - «- l™^ 

After the injection pipette was introduced into the 
nucleus, approximately 700 copies of the DNA were released 

n °c u nu ; hi r The nicropipetca ~ th - -moved f "r 

CIC« col ThlS / r ° CeSS " as tor other cells in the 

CICM colony, ideally. l00 o cells may be microinjected per 

The results obtained using the different promoters are 
summanred in the following table. 



promoter 



CMV 




WO 97737009 



PCT/US97/04736 



•34- 



— 




PGK 


++ 


none 


reCMV 


++ 


not tested 


MAM 


++ 


not tested 


C-Actin 


+ 


not tested 







The above results demonstrate that vectors containing 
each of the tested promoters result in cells which express 
the inserted heterologous DNA. It was also observed that 
microinjection with several constructs did not provide for 
any additive effects on gene expression. 

Figure 9 is a photograph of microinjected pig ciCM 
cells containing a CMV beta-galactosidase construct detected 
by X-gal staining. Nests of cells expressing b-galactosi- 
dase may be seen. This indicates that the 0-galactosidase 
gene has been effectively incorporated into the cell genome 
and is being transmitted and expressed in daughter cells 

The above results were obtaining using pig ciCM cells 

Moreover, using similar methods, bovine CICM cells were also 
injected with CMV and PGK-beta-galactosidase constructs 

Both DNA constructs resulted in recovery of cells which 

express beta-galactosidase. 

Thus, these results demonstrate that CICM's cultured 

according to the invention may successfully be used for 

integration and expression of desired heterologous DNA' s 

Also, these gene expression characteristics may be passed 

onto daughter cells. 

EXAMPLE 1 

In this culturing method, a DI gene is conditionally 
expressed in CICM cell colonies to prevent cell differentia- 
tion. The cell passage and culture techniques are the same 
as in Example 1 with the difference being the genetic makeup 
of the CICM cells. Specifically, a DI gene is introduced 
into the nucleus of embryonic cells from which the CICM cell 
lines are derived or into an established CICM cell line. 
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The «*ns 3 ene is then integrated into the genome of the CIO, 
cell,, zny taown methods of intro transgenes 3 CIC " 

embryonic ceils csn be used, inciuding by way oC e ™ ° 
microinjection, electroporation. retroviral „ «" 
5 precipitation, and liposome insertion lnSe " l ° n . C 

The inserted transgene is expressed under the control 
of an inducible propter, inducible promoters include 

interferon (Kimura et al lsasl „ «'««3), 

» nein .reviewed by ^^^rL^rTr 
gene is inserted such that it is operably linked 
reading frame, with an inducible promoter " 

After the chimeric qene concri-n^f. • 
- genome of the embryonic cenTl^e 2^ £ 
15 cell colony is established, the DI gene is exor e « I I 
inducing the inducible promoter. TnUexoresT * 
for the XCM cell colony to ^ZT^lToTllZt^ 
time in tissue culture, maintain the do ired IztUalT 
morphology and to express genes consistent with \« of 
developing embryos. Thus, problems such as celled ff er . 
entiating into flattened epithelial sheets th a , , ! 
AP expression and express cytofceratin „ ^ 

even avoided altogether T L! 1 ! " ,ini "' i " d " 

oge er. Thls method is also useful i„ 

^^^^^ ™ ~ «. 

many modifications and chang s J reof tTT! 
skilled in the art without departing from th * 
'0 invention. It is intended, there ore bv th SP "" °' 
claims to modifications^ ^ ~ 

.within the true spxrit and scope of the invention. 
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WHAT IS CLAIMED IS ; 

1. A method for producing a cultured inner cell mass 
(CICM) cell which comprises the following steps: 

(i) obtaining an ICM of a blastocyst or ICM progeni- 
tor cells from preblastocyst stage embryo; 

(ii) culturing said ICMs or ICM progenitor cells on a 
feeder layer culture under conditions which provide for the 
formation of multilayer cell colonies; 

(iii) identifying from among the cells contained in the 
cultured ICM cell colony those cells which exhibit the 
following properties: 

(a) small cytoplasmic/nuclear volume ratio; 

(b) cytoplasmic vesicles; 

(c) small individual cells relative to rest of 
the cell colony; 

(iv) separating one or a cluster of said identified 
cells from the rest of the cell colony; and 

(v) passaging said separated ICM cells or ICM progen- 
itor cells onto another feeder layer culture under condi- 
tions whereby there is at least some physical contact be- 
tween the feeder cell layer and the separated cells or cell 
cluster. 

2. The method of claim 1 wherein said ICM obtained in 
step (i) include at least a portion of the trophectoderm. 

3. The method of claim 1 when the feeder cell layer com- 
prises fibroblasts. 

4. The method of claim 3 wherein said fibroblasts are 
murine embryonic fibroblasts. 

5. The method of claim 4 wherein said murine embryonic 
fibroblasts are primary cells. 
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a'thicT "T* ° £ CUlm 3 Wherein S " d "blasts comprise 
a thick confluent monolayer. uprise 

7. The method of claim 1 wherein the method for produ.in 
for physical contact of the senary u V P«»d«cxng 

separated cultured I CM »n e a „j 
the feeder cell layer is selected from 

cell layer and the culture dish 3n H /• v feeder 
ptpm „ ii ' and Uv) c entrifuginq the 

" US ° r CeU °"tc the feeder cell , J er 9 

• • The method =£ cl ai . a „ herein che identified 



15 CICM cell colony. 
9 



20 



The method of claim 8 wherein the separated cells 

P^ical or chemical or LtaL " £ ° 11 ° , ' in9: 

« U. The method of claim 10 wherein said physical me a „ 
comprises the use of a glass oioe^ v. 7 
razorblade P ** needle or 



12. The method of claim u which furthe 
meat of separated cells with trypsin or pronase 



r comprises treat- 



13 . The method of claim l wherein the separated cells 
co m p riS e a cluster of about 5 to 100 cells. 



35 14. The 

are repeated 



method of claim 1 wherein steps ,ii, through ,v, 
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15. The method of claim 1 wherein the cytoplasmic/nuclear 
ratio ranges from about 10/90 to about 50/50. 

16. The method of claim 15 wherein said ratio is about 25 
to 75. 

17. The method of claim 1 wherein the cells range in size 
from about 10 to 20 microns in diameter. 

18. The method of claim 2 wherein the cells are less than 
about 15 microns in diameter. 

19. Cultured inner cell mass cells (CICM cells) derived 
from the ICM of a blastocyst or derived from ICM progenitor 
cells obtained from preblastocyst ungulate embryo wherein 
said cultured inner cell mass maintain in culture the mor- 
phological characteristics and express cell markers identi- 
cally or substantially similarly to ICMs of developing 
ungulate embryos . 

20. The CICMs of claim 19 which express alkaline phospha- 
tase. 

21. The CICMs of claim 19 which do not express cytokeratin 
18. 

22. The CICMs of claim 19 wherein said cells exhibit a 
multilayer colony morphology in tissue culture. 

23. The CICMs of claim 21 wherein said multilayer colony 
morphology comprises an inner epithelial-type portion and a 

.multilayer portion which substantially surrounds said 
epithelial-like portion. 
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obtained from an ungulate selected from th„ 

of Pigs, cows, sheep, horses and goats ^ C ° nSiStin9 

= M. The CICMs of claim 24 wherein the ungulate is a pig. 
26. The CICMs of claim 24 wherein the ungulate is 



a cow. 



27. A cultured inner cell mass r*»n i • 

10 CICMs of claim 19. " U " e ° btained f ™ the 

28 . The CICMs of claim « which co t 

which inhibit differentiation of said CI«s 9 "~ 

" from the ^ °* ^ " Wherei " «« *• -lected 

from the group consisting of tsASa, 0CT3 LIF lip 

FGF-5, rex-1 and other oncogene products T ant 

Wnes and transcription factors. 19MS ' Cyt0 " 

25 

30 -ch™ rrii r 

e^os for prolonged periods i ^ 

prises: culture which com- 

" cult urld^n^ti^Une 1 ™ * " 
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(ii) introducing into the nucleus of said ICM cells or 
established cultured XCM cell one or .ore genes which inhib 
it differentiation of said ICM cells or cell line (DI 
genes) ; 

5 (iii) culturing the resultant transgenic ungulate ICM 

cells or cell line on a suitable feeder cell culture under 
conditions which inhibit differentiation and provide for the 
production of a multilayer cell colony. ^ 

10 34. The method of claim 33 wherein said DI genes are 

selected from the group consisting of tsA58, OCT3, LIP LIF 
receptor and other oncogene products or T antigens 



15 



35. The method of claim 33 wherein said DI gene is 
expressed under the control of an inducible promoter and the 
culturing conditions comprise those which induce said pro- 
moter. 



0 



36 



37 



The method of claim 33 wherein said cells are passaged. 



The method of claim 36 wherein said passaging method 
comprises : 

(i) culturing said ICMs on a feeder layer culture 
under conditions which provide for multilayer cell colonies; 

(ii) identifying from among the cultured ICM cell 
colony those cells which exhibit the following properties: 

(a) small cytoplasmic/nuclear volume ratio; 

(b) cytoplasmic vesicles; 

(O small individual cells relative to rest of 
» the cell colony; 

(iii) separating one or a cluster of said identified 
-ICM cells from the rest of the cell colony by suitable 
means ; and 

(iv) passaging said separated cultured ICM cells onto 
another feeder layer culture under conditions whereby there 
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is at least some physical contact between the feeder cell 
layer and the separated cells or cell cluster. 

38. The method of claim 33, wherein in step (iv) the sen 
rated passaged XCM cells include some associated I fill " 

39 The method of claim 33 wherein the ungulate embryo is 
obtaxned from an ungulate selected from the group coZLtLo 
of pig., cows, sheep, goats and horses. cons ^txng 

40. The method of claim 39 wherein the ungulate is a pig . 

41. The method of claim 39 wherein the ungulate is a cow. 
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Fig. 2 
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